page 111 



VIID. Bone, Musc le and Skin . 

rhoi'c is a deposition of hone in soft tissues in patients who 1 suffer 
from carbon monoxide poisoning (Ri, 1966; Mourcn et al,, 1972). The 
mechanism lor this deposition is not known. In the laboratory, carbon 
monoxide has been used as a tool to lest the polarizing power of bone mineral 
(Nash and Beebe, 1969). . 


Some pati ents suffering from acute ca rbon monoxide poisoning 
develop contractures of the skeletal muscle (Hows e and Seddon, 1966; Kolb, 
1968). Three factors contribute to the development of contracture:. 

(1) ischemia due to reduction in blood oxygen: content; (2) hyper excitability 
of neuromuscular junction (Paris, 1964); and (3) binding of myoglobin with 
carbon monoxide (Rossi-Fanellii and Antonini, 1958; Wittenberg et al. , 

1965; Gladyshevskaia et al., 1966; Coburn and Mayers, 1971; Rudolph, et al. , 
1972); 


The cutaneous lesions in a patient with carbon, monoxide poisoning 
are varied. They include bullae, subepidermal vesicles, intracellular edema 
and occlusion of the epidermal portion of sweat ducts (Jopkiewi.cz et al. , 1965; 
Long, 1969; Leavell et al, , 1969; Ippen and Goerz, 1969; Baden, 1970; Achten 
et_al. , 1971); Erythema of the face associated with a cherry-red color of the 
blood is a classical diagnostic sign of poisoning with carbon monoxide (Danto, 
1964). 



Source: https://www.industrydocuments.ucsr.eau/aocs/nTmKUUUU 
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VIII. carbon monoxide POISONING. 

It is rather a remote possibility that cigarette smoking may cause 
death by carbon monoxide poisoning* J There are publications on the 

diagnosis and treatment of carbon monoxide poisoning, both accidental and 
industrial. The additional bibliography lists relate to the following topics: 

Accidental poisoning involving carbon monoxide and other causative 
factors (no. 14). * . 

Accidental poisoning involving carbon monoxide (no. 15). 

Industrial poisoning involving carbon monoxide (no. I6)v * 

Therapy of carbon monoxide poisoning (no. 17). 

Therapy of poisoning by use of normobaric and hyperbaric 
oxygen (no. 18)1. 
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(1) SMOKING AND HEALTH: Report of the Advisory Committee to the Surgeon 
General of the Public Health Service, 344-5, 1964. 


SMOKING AND ACCIDENTS 

Smoking liasbeen-associated .with a variety of accidents. Among these, 
fires have the most obvious and important consequences* 

In a special study of home accident fatalities in 1952 through 1953, the 
Public Health Service and the National Safety Council reported that 231 
(ICfc) of 1.271 deaths from fires of known origin were due to cigarettes,, 
cigars or pipes (lb 

The Metropolitan Life Insurance Company reported that of 352 deaths in 
1956 and 1957 among their policyholders from fires and burns with known 
causes in and about the;home, 57 (16fc) were due to smoking (2). 

Of physiological responses related to driving, smoking degrades delectably 
only the differential brightness threshold and this effect increases with 

Famount of smoking (4). The'epidemiological data available on the effects 

^of smoking on traffic accidents are inconclusive. 

r It has been shown that a level of carboxy hemoglobin, of 5 percent—a level 
Jlf which is not uncommon among heavy cigarette smokers (3, 6)-—depresses 
visual perception to as great an extent as anoxia at 3, GOO to 1G;000 feet 
.altitude (4, 5]. 

1. Home Accident Fatalities: 1952-1953. National Office of Vital Statistics, 

U.S. Public Health Service, 1956. Mimeographed report* Table 12. 

2. How fatal accidents occur in the home. Meirop Life Insur Statist Bull 40: 

6-3, November-Deccmbcr, 1959. 

3. Larson^ P. S., Haag, H. B., Silvette, H. Carboxydiemoglobin, p. 107-110. 

Tobacco: Experimental and Clinical studies. Baltimore, Williams and 
Wilkins, 1961. 

4. McFarland, ft. A., Moseliey, A. L. Carbon monoxide in trucks and buses 

and information from other areas of research on carbon monoxide, 
altitude and cigarette smoking. In: Conference proceedings: Health, 
medical and drug factors in highway safety. National Academy of 
Sciences—National Research Council Publication 323, 1954. Sect. 
4.17-4.33. 

5. McFarland, ft. A., Houghton, F. J. W., Halperin, M. H., Niven, J. I. The 

effects of carbon monoxide ana altitude on visual thresholds,, J Aviat 
Med IS: 6, 331-94; 1944. 

6. Schrcnk, H. II. Results of laboratory tests. Determination of concen¬ 

tration of carbon monoxide in blbod. Pub Healta Bull 273: 36-49, 
1942. 


(a) The epidemiological data reported by Boeck (1948) indicate that cigaret¬ 
te smoking is not responsible for the occurrence of vehicular accidents and poor 
driving (see page 37). 


(b) A more recent report by Bender et al (1971) states that exposure to 100 
ppm carbon monoxide for 2-1/2 hours, with mean blood levels of 7.2% carboxy- . -- ; .• 
hemoglobin, diminished visual perception. There was no difference between smok- V ^ 
ers and nonsmokers with regard to their susceptibility (see page 88). 

,-/ ■ -• ; ... A/- . E ? 
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(2) NATIONAL CLEARINGHOUSE FOR SMOKING AND HEALTH: The health 
consequences of smoking, 62-4, 1967. 


Carlo* Mop. oxide Effect 

The-gaseous phase.of cigarette smoke contains.about 4 percent ear- 
pboii' monoxide. This quantity can iucrenre the levels of carboxyhcmo- 
jjglobin saturation of cigarette smokers from 2 percent to 10 percent 
(3^)• I’he. average p.rmsmoknr, depending on environmental'exposure! 

•.usually has less than 2 percent o a r! .>o x y h e m og h/h i n saturation (10). 
fSinco smokers of one pack or more, a day may have chronically elevated 
jcarboxyhemoglobm levels of more than 4 percent (0), there may be 
appreciable differences in the carboxyhemoglobin levels between some 
. heavy cigarette smokers and nonsmokers. • 

(a.) The c a r boxyhemoglobin blood levels of cigarette smokers expressed as 
ranging from 2% to 10% is not a.n accurate statement. A survey of the literature 

reveals 30 investigations with an overall mean level for 2, 054 smokers of 3.76% 
in the blood taken 4 to 12 hours after smoking. Only 30% of subjects have levels 
exceeding 5% (see pages 12 to 14). The peak levels after smoking one or more ci¬ 
garettes had a mean of 5. 26% (see page 20). A more accurate statement would be 
based on integration of levels taken at hourly intervals but such information is not 
available. 

In addition' to displacing oxyhemoglobin, carbon monoxide effects a 
shift in the oxygcn-hemoglhbin dissociation curve (-, L 4 •h r >). TliW 
may result in a decreased release of oxygen at the tissue level. A scries 
-of studies (67, 02) has been performed on young adults to analyze 
the effect of cigarette smoking on carboxyhenvoglobm levels, and the 
consequent effect on some parameters of cardiopulmonary function. 

An increased post exercise oxygen debt was observed after cigarette 
r smoking as compared to controls. This, in part, may reflect not only 
1/ ventilatory disturbances but also a decreased supply of oxygen, in 
" the blood due to the carbon monoxide effect, resulting in less aval.able 
oxygen to meet the increased tissue dfcmcmd! Similar post-exercise 
oxygen debts have been noted after inhalation of enough carbon 

• monoxide to produce comparable blood levels of carboxyhcmoglobm 

m- i 


(b) Inhalation of carbon monoxide in man, with blood levels of 5% to l-Q'% carboxy- 
%crraoglobin does not influence ' ventilation. Ayres et al (1965) used short-term 
exposure and Astrup et al (1968) exposure for 8 days (see pages 42 and 45). 
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Commentary (2) National Clearinghouse, Cont. 


Tho consequence of the nnoking/carbcm monoxide effect appeal's to 
bo especially impirtant. in the myocardium where relatively more 
oxygen is normal H* extracted from tho .coronary circulation as com¬ 
pared to other organ systems, (Coronary venous bihod usually lias 
an oxygen, saturation oflbss than 25 percent, whereas blood leaving 
some other organs is about 75. percent saturated with oxygon (^5).) 

Dogs were -exposed to carbon monoxide to; vv-vate-tlicir carboxy- 
hemoglchin saturation levels (X?). In response to inhalation of carbon 
. monoxide there was an increase in coronary blood flow but a decrease 
in coronary arterial-venous oxygen differences. Patients with coronary 
(heart disease were also studied following inhalation of enough carbon' 
hrmnoxicH to elevate their carboxyhemoglobin saturation levels to the 
Jrange of 5 to 12 percent ( 0 ). In'response to carbon monoxide there was 
generally an increase in. the cardiac output and! the coronary blood 
flow in most of the patients, Y/iiUe the systemic arterial-venous oxygeni 
differences varied, cither increasing or decrcaringj tho coronary ar¬ 
terial-venous; oxygen differences decreased, indicating a decreased 
oxygen extinction! by the myocardial tissue despite the myocardium^; 
increased 1 demand for oxygetn Tlieso decreases in myocardial oxygen 
extraction are related to increases in the carboxyhemoglobin satura¬ 
tion levels. It was observed that some patients evidently could com¬ 
pensate by increasing tlieir coronary blood flows adequately to supply 
the myocardial tissue with sufficientoxygen, as indicated by a rise in 
myocardial oxygen uptake in these individuals. However, the other 
patients with coronary heart disease, evidently more scvciv, could not 
increase their coronary, blood flow rate enough to compensate for the 
decreased nxygpu carried by tho blood* This latter group of patients, 
even though they had increased cardiac output, had less significant 
increases of coronary blond. llbw than thoso,noted in tiler first group 
of patients. The coronary arterial-venous oxygen differences and tile 
myocardial tissue oxygen uptakes hotIi decreased, indicating that the 
myocardial tissue oxygen demand was not being met entirely. 




frf 
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(c) The experiment cited in the above paragraph specifies an increase in 
cardiac output with a carboxyhemoglbbin. value of 5 % to 12%. Experiments by 
Brody and: Coburn (1969, 1970) and Klausen et al ( I 968 ) did not show an increase 
in cardiac output following either acute or chronic exposure of human subjects 
(see page 56)* Experiments on animals show myocardial lesions with exposure 
exceeding 50% carboxyhemoglobiiv (see page 5T)u 


Tho rvductlion in the amount of oxygen availablfeto the myocardial 
tissuo caused by tho absorption'of carbon monoxide from tobacco 
smoko may be especially critical in persons with pre-existing coronary 
heart disease, especially wlicu they caiumt significantly increase coro- 
nary blbod flow to compensate for increased myocardial tissue oxygen 
demand. The carbon monoxide effect may, in part, contribute to the 
increased incidence.of myocardial infarctions that occur in cigarette 
smokers. Additional research is needed. 


sfjf 






(d) Carbon monoxide does not contribute to the increased incidence of myo¬ 
cardial infarction that occur in cigarette smokers. Haywood et al (1972) could not 
find a clfcar-cut relationship between carbon monoxide levels and incidence of acute 
infarction. De Bias et al (1972) exposed dogs with experimental myocardial infarc¬ 
tion to 100 ppm carbon monoxide (14!% carboxyhcinoglobin) for 14 weeks and did not 
observe air increase in severity of myocardial liyposia (sec page 61 and 62). 











source: nnp^/7www.industrydocuments.ucsreciu/aoc 
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(3): NATIONAL CLEARINGHOUSE FOR SMOKING AND HEALTH: The hoal 
consequence *5 of smoking, 1968 Supplement to the 1967 Public Health 
Service Review, 38-40, 1968. 


Human Myncanlinl'T?*snr. Function in Relation to Anoxia and to 
Carbon Monoxide ! ■ 

LikoJT, ci r.l. surest 1 that: an ox^gcn-Uitfusioti impairment or 
innpproprinto oxygon at tin- myocardial ndcrooireuiatoiy 

or cellular 1 level ctuilcl.be responsible lor the anginal symptoms and 
ECG signs of apparent myocardial he ho mi a in the presence:of ade¬ 
quate arterial! saturation and 1 patent coronary arteries by. coronary 
arteriography, Ayres £?) and Eliot Ajy) suggestthat thesemedia? 
nismsmay be related to tbc carbon monoxide eifoct and abnormal homo* 
globih function. 

In addition to a review of the coronary circulation as related to 
myocardial! ischemia and angina pectoris, Elliott; ct al. (Jo) studied 
zonal myocardial ischemia (£0). by ECG, coronary angiography, and 
regional lactate metabolism imoO patients with'proven coronary heart 
disease. They found that the ECO findings could be normal even when 
severe coronary disease was present witln myocardial! j>roduction of 
lactate. The regional lactate pattern was very helpful in determining 
the location of myocardial ischemia and significant 1 coronary artery 
lesions. 

In studies of coronary patients exposed to relatively low levels of 
. carbon.monoxide, Ayres has reported that myocardial lactate and 
pyruvate 1 extraotiou: decreased or 1 shifted to actual product ioiq sug¬ 
gesting the presence of anaerobic metabolism. Tliese data support his 

previous findings noted in the 10G7 report that carboxyhemoclobin can 
interfere with'oxygen'delivery to the myocardium to the degree that 
relative myocardial anoxia can occur. The shift to anaerobic cardiac 
metab'olisnif uhicli is relktively iucimrtivc as a source of energy,. in* 
Jicates the presence of myocanliid anoxia,,and should be regarded as 
a warning sign. In these same experiments Ayres has noted that the 
myocardial oxygon extraction is decreased in response to carboni 
monoxide inhalation, and thus has further demonstrated the relation¬ 
ships of carbon:monoxide with relative myocardial anoxia and anaero¬ 
bic myocardial metabolism. The shift to the left of tlic liemnglohin- 
oxygen dissociation curve, describing the decreased ability of 
hemoglobin to release oxygen at the tissue level, is directly related to 
increased oarboxylirniogmbin lbvels. 

The animal experiments.of Weisslor (/«>£):, noted in the previous 
section, suggest .that glucose might possibly help to temporarily pre¬ 
vent myocardial inftirefion, from relative myocardial anoxia, by pro* 
viding a substrate for anaerobic metabolism. Since myocardial! 
ischemia may be caused not only by oompUde coronary arterial ob¬ 
struction, but also by increased myocardial! tissue oxygen demand 
above and'beyond available oxygen supply*, it would be 'important to 
know whether cigarette smokers have more products of anaerobic 
myocardial rcntiiholism than domonsmokers. 

Eliotnoted'apparent hemoglobin abnormalities in patients 
with signsTif myocardial! ischemia on acute necrosis, and in smokers 
as compared to controls. However, lie suggests that there are other 
hemoglobin abnormalities also present besides the well documented' 
carboxylic moglobimalmormn I ii ios associatedWith the carbon monoxide 
effect of cigarettes. Some, reverted lo norma!'hemoglobin status after 
Stopping smoking. 
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Page 120 

Commentary (3) National Clearinghouse, Cont . 

. Anomalous lie morrh'biti-oxygen dissociation was noted in. “heavy* 

Ligarette smokers (imore than one park per day) without. known ooro- 
£*Inary heart disease. In expot iments where tlic amount of cig-.uvtie >mok- 
ing was cont rolled, there appea red t o .he a 1 llroshoIU el'ret • more tluiul- 
jo: garotte 3 per day caused this:anomalous di??ocinriatv to occur Q^Y 
!Bi rusting] ^5>y'V reports finding- an increased hemoglobin; affinity for 
oxygen in smokers.,.which does not.appear to bo explained solely by 
the increased carboxyhemoglobin ltwclfc in smokers. 

Research to further study; the interrelationships of carbon monoxide 
to the.myoglobin: of heart muscle should ho performed because it is 
possible that carbon monoxide may replace oxymyoglobin with oar- 
boxy myoglobin- ar.d,<disturb the oxygen-dissociation! phenomena of 
myoglobin The limitatimisof blUid Mtpply and flu- high 

. energy output of heart muscle as compared to skeletal muscle may 
make the myoglobin' impairments by. carbon, monoxide of possible 
etiologic importance in cigarette smoking and heart disease. 

Hydrogen cyanide appears to be rapidly converted to thiocyanates 
by the body, but tile absorption by i ho lung of cyanide from cigarette 
smokv, might possibly result m highcr £erimi cy:midelevid3 in the coro¬ 
nary arteries tlmm hr the systemic circulation. Vs noted in the 1004 
Report^ the cyanide ion is capable of stopping cellular respiration 
abruptly tliruitgli inactivationi of cytoelirome ox-id tisc. In sublctllal 
exposures, the cyanide ion is gradually released'from itis couihination 
with the ferric ion of cytooltromo oxidase, converted to thiocyanate ion 
and excreted in tlavurine. Th i oey ana Tc blood'd eve Is in smokers are three 
times liigb.or than in nonsmokers and relative differences in urinary 
excretion are even more pionounecd. Cytochrome oxidase is very, im¬ 
portant in'cellular respiration of all body cells. In view of tile ex¬ 
tremely high myocardial eenulur needs for aerobic metabolism* it is 
possible that tko cyanide ion inactivation of cytochrome oxidase also 
can occur in myocardialleells and bo of critical importance, especially, 
in light of other risk factors; such as impaired coronary blood 
flow, tho carbon monoxide effect, and the known increases in myo¬ 
cardial tissue oxygemdemand caused bv tho smolcing/nicotihe-induced 
catecholamine release. Further rescarch is needed tb determine whether 
or not cyanide ions in concentrations equivalent to those found in 
cigarette smokers, have a harmful effect on the myocardium, in terms 
of bolJiiacute and chronic exposures. 

(a) The statement that . '» relates directly to cigarette smok¬ 

ing is that of Birnstingl is entirely wrong and has completely reversed the meaning 
intended by that author. In the original publication of Birnstingl, Cole and Hawkins 
(1967);, the increased oxygen affinity of hemoglobin in the blood of smokers could be 
"almost entirely due to a raised carboiv monoxide hemoglobin level". A copy of a 
summary of the article which appeared in Brit J Surg 54:6 15-8, 1967, follows: 

‘.-•'Ay male stihjeeis ;c*vcr .jo years of age have a 
’ - ^y?en a:Tiriitv \vh:Ji is s-rerrrer than that of a 
similar groirp rr.Jcr this ^c. 1 Ins would result in a 
shill to the left of the■ OAyh.iemoylohin dissociation 
Cii i vc. 

Cigarette %m»!:vrs also have an iiicrcjvcd oxyr.cn 
affinity,, but tiii> K alinn*,t cnu.-vly due to a 1 raised 
carbon m"noxiiU- haemoglohiii level. 

Patient* wall' liutrycrV disease have a normal 
oxylui-moglnbin dusneiation curve, if are aiulismok- 
ing habits are taken into aciamim Irtirthennure, 
their oxyluemo jlubin di^ocnrion dues not appear 
la He more sensitive to th.-u feels of eiparvtle imnke 
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(4) NATIONAL CLEAR INCH OUSE FOR SMOKING AND HEALTH: T he health con- 
sequences ox smoking, 1969 Supplement to the 19&7 Public Health Service 
Review, 28-9, 1969- 


C a niiox Mono.yidk 

Several reviews ox tlve patliupliysiolbgy of exposure to carbon mon- 
ozuh (CO) have appeared recently. These are iArtinent to tlie discus¬ 
sion of the relationship cf smoking to health, since cigarette smoke 
contains amounts of CO sufficient to cause a CO Jib level of 5 to 10 


percent in the smoker, depending on the amount smoked and degree 
ofinludatiou {0 r 10). 

Bartlett. (4) has pointed out that because the absorption of CO from 
the ambient environment is deixendent upon the concentration of CO 
in the environment as contrasted to that in the blood, smokers with a 
CO!Ib level of 5 percent .will not absorb CO from inspired air unless 
the concentration of CO in the air exceeds SO parts per million. How¬ 
ever, lie also states that because the excretion of CO between cigarettes 
will be lower in CO polluted air, the smoker will have a higher long¬ 
term average COJIb level in a polluted environment. Patients with 
heart disease may be particular!}’ susceptible to tlie hypoxic burden 
caused by the presence of COIlb* 

Goldsmith, et ah (ft?) have stated that for the U.S. urban popula¬ 
tion^ cigarette smoking is probably the most important cause of 
increased COUb above fixe endogenous level produced by heme catabo¬ 
lism, followed by automobile exhausts, occupational sources, and heme 
healing and cooking devices, in that, order. 

Although Diuman (C) minimizes the importance of the effect of CO 
levels of 5 to 10 percent on the myocardium^ he states that a short- 
comijig in Ills approacln is that focal areas of myocardial ischemia are 
not reflected in the determination of oxygen saturation made from 
samples of blood taken: from the coronary sinus. Such areas of ischemia 
might be important in initiating fatal arrhythmias/Levels of COUb 


which decrease further tlie oxygen supply to the ischemic myocardium 
might he readily provided; by cigarette smoking. 

Eliot, et jtl. (5) have reported effects of cigarette smoking on the 
oxygen affinity of hemaglohin independent of tlie presence of CO. 
Their results suggest that cigarette smoking may have both acute and 
chronic effects on oxygen affinity which differ in direction. The authors 
cantion^however, that tlie in-vivo oxygen affinity of hemoglobin may he 
different from that implied by- the static equilibrium data. Further 
research is in progress. 

(4) Baruett, D., Jr. ra thop 11ysiolo;sy of exposure to low concentrations of 
carbon monoxide. Archives of Environmental Health 1G(5) : 719 -i2j. 
May 1C39. 


(5) Ckdeklof, I?., Fkitwho, L., ITurnrc, Z. Cardiovascular and respiratory symp¬ 

toms in relation to tobacco Mtiohin^. A study on American twins. Archives 
of Knviroar.ieutai Health IS(iG) : 031-0107 June 1009* 

(6 ) Dinkan, B. D. Pathophysiologic determinants of community air finality 

standards for carbon monoxide. Journal of Occupational Medicine 
10(9) :4VG-lG3 f September 100$. 

(7) Dixtenfass, E. Blood rheology in pathogenesis of the coronary heart 

diseases. American Heart Journal 77(1) : 129-117, January 1909. 

(S) Eijot, It. SJ, SrmnvK. R., Saluany, .1. M.. Muokami, II. Personal Com¬ 
munication. April 1909. 

(0) GoLnsMiTtr, J. It. Carbon monoxide. Science 157: S12-S11, August 1*1. IOC,. 
(10) Goldsmith, J. U. f Banijaw, S. A. Carbon monoxide and human health. 
•; > Science 1G2(3SG0) :13.72-1C59. December 20. 19CS. 
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Commentary (4) National Clearinghouse, Cont . 

.Most of the references cited are review articles which arc commented upon 
under Bartlett (page 153 );, Goldsmith (page 165 ) t and Dinman (page 160 ). The 
only original work referred to is by Eliot et al , which is a personal communica¬ 
tion to the- National Clearinghouse. 





(5) NATIONAL CLEARINGHOUSE FOR SMOKING AND HEALTH: The health con- 
st-quencos of sinking . A report to die Surgeon General: 1971. 59-62, lyVJ 


Cardiovascular Effects of Carbon Monoxide 

£ Carbon monoxide (CO) is a colorless and odorless gas, low 
levLs ol winch have significant ouecis on human amlaiiimal physi¬ 
ology which are just now beginning to br understood. According 
to Wyr.der and Hoffmann it is. present in cigarette smoko 

in concentrations of approximately 2.9 to 5.1 percent. The concen¬ 
tration of CO ini smoke is subject to. many factors, among them 
the typo of tobacco and the porosity of cigarette paper. The con¬ 
centration of CO in smoke has been, found to increase significantly 
toward the last puffs of the cigarette. 


(a) This paragraph states the 
smoke but omits mentioning the fact 
dead space air and alveolar air. 


concentration of carbon monoxide in cigarette 
that the smoke is diluted: with atmospheric air 


According to Chevalier, efc ah Ql), a concentration of approxi¬ 
mately 4 percent CO in cigarette smoke will produce alveolar levels 
of around0.01 percent which, equilibrated with hemoglobin, result 
in carboxyhemcgiobin (COHb) concentrations of from 3 to 10 per¬ 
cent. A number of investigators have compared COHb levels in 
smokers and nonsmokers. Goldsmith and: Landaw (fO;) reported 
the analysis of expired air samples obtained from 3;311 longshore¬ 
men. Using a. regression analysis, they calculated the concentra¬ 
tion of COHb and found that nonsmokers showed levels of 1.2 per¬ 
cent while those smoking over 2 packs per day had levels of 6.8 
percent and that smokers of lesser amounts had intermediate 
levels. Occupational exposure accounted 1 for the mean nonsmokers’ 
level being over 1.0 percent^ an unusual finding in comparison with 
other studies. Kjeldsen (fhl)/interviewed and obtained blood 
samples from 934 CHD-free smokers and nonsmokers. The mean 
COHb level for 196 nonsmokers was 0.4 percent while all 1 inhaling 
smokers had a mean level of 7.3 percent. AH 416 cigarette smokers, 
regardless of inhalation or amount smoked, showed: a mean level 
,of 4,0 percent, /' 


(b) Chevalier et al (1966), cited in the opening paragraph, did not analyze 
alveolar air. They expressed the opinion that 4% carbon monoxide in cigarette 
smoke would result in a concentration of 0.04% after dilution. Jongbloed (1939) 
analyzed: the alveolar air of a smoker after the 4th cigarette; the peak level was 
0. 003 1% (see page 19). 


The results of Kjeldsen (1969) have been misquoted. The blood 1 level of car- 
boxyhemoglobin in 934 subjects free from coronary heart disease had the following 
mean value: 0.4% for H*6 nonsmokers and 4. 2% for 738 smokers. Of the latter 
group the 121 light smokers had a mean of 2. 5%; the moderate smokers one of 


4. 1% and the heavy smokers one of 5. 7%. The figure 7. 3% appearing in the para- " 

^ g ra P h ^s for 


_____ ___ _ _ 
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Table. VI - I 1 


Page 124 


4 


QirboxyhaeriiOPibbm Serum cholesterol 

(vit. per ak-t) * (nm/lOOnu) 

Smoking 


cathegory. 

Controls 

Atherosclerotic 


Controls 

Atherosclerotic 




subjects 



subjects 

• 


M ± SD 

M ± SD 

SisniHcaacd 

M ± SD 

M ± SD 

Significance 

Smokers 

4,2 ±3.1 

7,0 ±3,7 

p <0,00! 

247 ± 44 

290 ± 33 

p <0,001 ; : 


(733) 

(57) 

(t = 5,52) 

(738)' 

(57) 

(t * 4,89) V; 

Non-smokers 

* 0,4 ±0,9 

0,5 ± 0,7 

n.s. 

236 ± 49 

284 ± 56 

p = 0,02 ;; 


(196) 

(2) 

(t = 0,16) 

(196) 

(2) 

(t = 2,32) 

Table V!-ll: Av 

erage values of ca 

rboxyhseraogiobin end 

serum cholesterol 

in smokers 

end non-smokers in the 

control group and in 

the group .with a 

therosclerotic cardiovascular diseases. 






n.s. - not significant at the G f 05 level. 

Hie number of subjects in each smoking catliefory is given below the means and standard deviations. 







Table VI - 

12 


o 

© 



Cuboxy haemoglobin 




cn 

© * 





Scrum cholesterol 

cn 

Smoking 


(sat. per cent) 



(mg/100 mi) 

b* 

b* 

QD 

.00 

cathcgory 

Controls 

Atherosclerotic 


Controls 

Atherosclerotic 

. 


subjects 



subjects 



M ±SD 

M ± SD 

Significance 

M ± SD 

M ± SD 

Significance 

Light 

2.5 ± 2.5 

3.7 t 2.5 

n.s. 

245 ± 33 

279 ±67 

n.s. 

smoken 

(121) 

(3) 

(t = 0,76) 

(121) 

(3) 

0 a 1.45) 

Moderate 

4,1 ±3,0 

7.3 ± 3.6 

P <0,001 

246 ± 45 

286 ±50 ^ 

p< 0,001 

smokers 

(463) 

(34) 

0 = 4,95) 

(463) 

(34) 

(t =4,52) 

Heavy 

5.7 ± 3,0 

7.0 ± 4.0 

n.s. 

253 ± 45 

2931 53 

p<0,05 

smokers 

(154) 

(20) 

(t - 1,45) 

(154) 

(20) 

(t = 2,1 S) 


Tuble Vl-L, Average \Jucs of caiboxyhaemoglobin and scrum cholesterol related to intensity of smoking in normal smokers end 
in smokers with atherosclerotic cardiovascular diseases. 


n.s. ® not significant at the 0,05 level. 


tm .Hie number of subjects in each smoking category is given below the mean values and standarddcvfation*!• 
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Carbon monoxide has many varied and significant effects on 
human physiology. An overall review of these efleets may be found 
in a discussion by Lilienllval (T27% or more recently in an extent 
sive review by the United StalesUPnblic^Jcaxh Service National' 
Air Foilution Control Administration! Apart from its effects 

on respiratory and circulatory function,; CO has been found to 
altect certain central nervous system functions adversely. These 


effects are probably due to interference by CO with the proper 
oxygenation and oxidative metabolism of the tissue in question. 


CO interferes with oxygen transport in a variety of ways. First, 
the affinity of hemoglobin' for CO is approximately 200 times 
greater than its affinity for oxygen, and thus CO can easily dis¬ 
place oxygen from hemoglobin. Second, CO shifts the oxyhemo¬ 
globin dissociation curve. By increasing tile avidity with which 
oxygen is bound by hemoglobin, CO interferes with Oj release at 
the tissue level This is of greatest importance at the tissue level 
where the oxygen content of the capillary blood has been reduced 
to approximately 40 percent saturation. Here the shift can sub¬ 
stantially decrease the oxygen tension supplying the tissues. 

Third, and of more recent note, is the possible interference by 
CO with the homeostatic mechanism by which 2, S-diphosphogly- 
cerate (2, 3-DPG) controls the-affinity of hemoglobin for oxygen. 
Bunn and Jamil (J4) have recently reviewed the various experi¬ 
ments concerning this glycolytic intermediate. The question of 
whether the low- levels: of CO present in the blood of smokers can 
affect this homeostasis is presently under investigation UJ ),, 
and firm conclusions cannot be drawn at this time. 


(c) This is an incomplete list of review articles on carbon monoxide* 
Fifteen others are available (see pages 6 to 10). 


^ Apart from its effect on hemoglobin affinity, CO appears to 
induce arterial hypoxemia, and this may act as an additional cause 
of tissue hypoxia. Ayres, etal (TT;, jA ) observed unexpectedly that 
exposure of individuals to CO sufficient to raise their levels of 
COITb to between 5 and 10 percent was associated with a signifi¬ 
cant fall in arterial pO,. Greater fall in venous pO- was noted, 
but this was considered secondary to increased tissue extraction. 
In a recent article, Brody and Coburn suggested that this 

COKb-induccd arterial hypoxemia was due to the interaction of a 
number of factors, These authors noted that in the presence of 
i venoarterial shunts or of an imbalance in the ventilation-perfu- 
5; sion ratio, the shift in the oxyhemoglobin dissociation curve in- 
II creased the alveolar-arterial 0- gradient and resulted in arterial 


hypoxemia. The presence of shunts as small as 2 percent of cardiac 
output as well as of approximately 10 percent COIIb was found 
to cause an increase in the gradient. Such ventilation-perfusion 
(V/Q) abnormalities have recently been noted even in asymp¬ 
tomatic smokers (see Chapter on Chronic Obstructive Broncho- 
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Commentary (5) National Clearinghouse, Cont. 


In norm'il individuals, coronary flow can increase to meet the 
increased oxygen demand^ of a stressed myocardium (as that 
under nicotine stinuilatior.):, while in individuals with severe CHD 
coronary flbw cannot respond.as readily. In such cases, myocardial 

Oxygen extraction must be increased 1 above the almost maximal 
extraction found at rest. Any interference with arterial ox 3 r gen 
levels or hemoglobin affinity could very well decrease available 
oxygen supplies below the level required for proper tissue func¬ 
tion. That tills occurs; is suggested by the experiments discussed 
below. N 

(d) The studies of Ayres et al (1965, 1969) were performed in a non-steady 
state. These papers are discussed elsewhere in this commentary (page 148 )• 

& Chevalier, et all Qh exposed 10 young nonsmokers to CO con* 
centrations.suflieienti to induce COIIb levels of approximately 4 
percent. Taking measurements from blood specimens obtained at 
cardiac catheterization under resting and exercise conditions* the 
authors noted that the ratio of oxygen debt to oxygen uptake in¬ 
creased significantly under conditions of iiicreased COHb. Accord¬ 
ing tb the investigators this implied that the same workwas being 
done at a greater metabolic cart. These same anthors 
had previously noted similar findings among smokers and observed 
that cessation of smoking was; associated with a significant im¬ 
provement in oxygon debt accumulation. 

(e) ; The observations of Chevalier et ah were made not on blood but on al¬ 
veolar air analysis. Hie subjects inhaled 0. 5% carbon monoxide* resulting in an 
indirectly measured blood value of 4% carboxyhemoglobin. There is a serious 
error here, since otlier investigators have obtained! 25% to 75% carboxyhemoglobin. 

More recent work by Ayres, ct al. (j [5) has focused on the dif¬ 
ference in response to CO exposure between 7 normals and 4 pa¬ 
tients suffering from.CIID (proven artcriogrnphicnlly). The induc¬ 
tion of a COIIbi concentrationi of approximately 9 percent in the 
normals was followed, by an increase in coronary blood flow, a 
decrease in hcmoglbbin-oxygen percent extraction end no change 
in myocardial oxygen consumption, coronary sinus oxygen tension, 
and lactate and pyruvate extraction ratios. The induction of simi¬ 
lar COKb levels in the GHD patients was followed b- no change 
in coronary blbod flow, a> decrease in the hemoglobin-oxygen ex¬ 
traction ratio, and no change in myocardial oxygen consumption. 

However, these patients did: manifest a decrease in coronary sinus 
pO : as well | as a decrease in lactate and pyruvate extraction. The 
latter measures indicate that the myocardium was functioning 
under hypoxic conditions. Because the coronary flow could not in¬ 
crease and because the myocardium could not extract 0. from 
HbO : which was under the inflUer.ee of CO, coronary sinus oxygen 
tension decreased to a point which.could inactivate certain; oxida¬ 
tive enzyme processes. Thus, the myocardial; function of persons 
with GHD may be unable to compensate for the stresses induced 
by smoking. 
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Commentary (5) National Clearinghouse, Cent . 

(f) The comments in paragraph (d), above apply to another publication by 
Ayres et al (19&9). These measurements were taken in a non-steady state after 
administering 5% carbon'monoxide. 


Although CCIIb levels resulting from the CO present in the 
^atmosphere during periods of high'air pollution are much lower 
than those due to the inhalation of cigarette smoho; these concen- 
. tratiions of COTIb might contribute to the manifestations of CHD. 
Cohen, et ah studied the case fatality rates Tor patients ad¬ 
mitted to 05 bos Angeles area hospitals with itiyocai’dialinfarction 
in relation to atmospheric CO pollution. The authors observed an 
increased ?.5T case fatality rate: in areas of increased pollution, and 
then only during periods of relatively increased CO pollution. 


(g) The opening sentence is a poor comparison. Instead of atmospheric air 
and cigarette smoke a comparison between blood levels of nonsmokers and smokers 
would be pertinent. There is also an endogenous source of carbon monoxide. 

Subsequent to a report by Cohen et all (1Q69), Haywood et al {1972) examined 
patients dying of; acute myocardial infarction or diverse diseases. There was no 
clear-cut relationship between carbon monoxide level's and acute infarction (see 
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( 6 ) NATIONAL CLEARINGHOUSE FOR SMOKING AND HEALTH: The health con - ' 
sequences of smoking. A report to the Surgeon General: 1'972. 21-3, 121- 

135, 1972. ' ■■.■.U-7 


Carbon Monoxide 

Cj Became cigarette smoke contains from 2.7 to 6 percent carbon 
monoxide (GO), significantly higher car boxy hemoglobin (COHb) 
levels are found in smokers than nor. smoke vs 2 d, i? 4 : , COHb 
levels in non.-.mokers are usually less than 1 percent, while those in 
smokers-average around! 4 percent and may exceed 15 percent ( 4)1 
(2£MuO. Heavy smokers and those who inhale show the highest 
carboxyhonloglfjbin levels (20) . 


(a) The blood levels of carboxyhcmogl-obin cited in this paragraph do not re-' 
present the values reported in the literature. For nonsmokers the level is not us¬ 
ually less than 1%. In the 26 investigations reported, the overall mean for 1, 662 
subjects was 1.45% (see pages 32 and 33). For smokers the average is not 4%. 

The 30 investigations reported in the literature have an overall mean of 3.76% for 
2, 054 subjects. Values above 15% are very rare and are probably the result of an- 
error in tlie analysis (see pages 12-15). 

If HaehlscK (2&) found that a smoker with a daily consumption of 
35 to 40 cigarettes easily attains and maintains for hours an alveolar 
CO concentration of 50 p.p.m., winch reaches or exceeds legally- 
established ambient air quality standards jj l'. 18. il-J, 2$). 

Cohen, et al. ’(Jjl)' and A re now, et al. (y), have shown that there 
is no significant difference in mean expired air carbon monoxide 
levels alter patients have smoked tobacco or lettuce leaf cigarettes. 

Although pipe and cigar smokers in the United States are reported 
to have lower exposure to CO than cigarette smokers CO in¬ 
toxication has been reported in cigar smokers C-&). 


(b) The observation of Haebisch (1970) is an isolated one. It should be noted 
that his value of 50 ppm carbon monoxide in alveolar air is 2 to 3 times greater than 
that reported by Jongbloed (1939) and R ingold et al (1962) (see page 19)« 


<sr 


CO exerts its adverse efleets on the cardiovascular system of 
smokers through one or more of the following mechanisms : (a) re¬ 
duction of the amount of hemoglobin available for oxygon trans¬ 
port; (b) shift of the oxygen-hemoglobin dissociation curve to the 
left with consequent interference in oxygon release at the tissue 
level; and (c) induction of arterial hypoxemia. CO may interfere 
with the homeostatic mechanism bv which 2,3-DTG controls tlje 
affinity of hemoglobin,for oxygon (%f). CO has also been implicated, 
in experimental atherogenesis in animals (.56). Mil; 


o 

o 

© 

Cl 

© 


(c) The list of 3 mechanisms actually represents one, which causes the for- UV 
mation of carboxyhemoglobin. Item (c), hypoxemia, meaning low oxygen tension, is • * • 
not correct. ' There is low oxygen content but normal tension. ■' .a~--Fy: 

.r/.. ., -v> . " - ••y- .. : -• •• ••• . y.. 
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L-:;' ■$/ Ayres, ct al. (?) .recently studied 41 patients; during diagnostic 1 
. cardiac catheterizatien, at which time they inhaled either 5 percent, 
or percent CO; Arterial and mixed venous oxygen tensions were 
decreased by anrmnistratiou of cither concentration. In patients 
Vitu cn 0, coronary artrry 0, extraction decreased 7.9 percent after 
inhalation c-f .1 percent GO and 30.5 percent after inhalation of 5 
" Percent CO. Seme of tho paticnts with CHD experienced changes in 
~ckne and' pyruvate metabolism indicative of inadequate myocar¬ 
dial oxygenation. The higher level of CO inhalation in this experi¬ 
ment is comparable to that experienced intermittently by cigarette 
smokers. . -... - ' . v 


Fi: 


'• •*' :•.» yr'V-.' 
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‘(d); The work of Ayres et al (1970) is based or a non-steady state and is 
commented upon els ev/here (seepage 143). 

jj. Brewer and his colleagues ^7 f) investigated cigarette smoking 
as a cause of hypoxemia in residents of Loadville, Colorado, at an 
altitude of 3,100 meters. The arterial pO, of 8 smokers was signif¬ 
icantly lower (P < .05) than that of 12 nonsmokers, Hut this was 
reversible upon cessation of smoking. They concluded that the ad¬ 
verse effect of cigarette smoking on 0.. transport may be especially 
pronounced at high altitude and may restrict an individual’s ability 
to adapt to reduced 0 . tensions ill. 12'). 


V^x.'Vv 






(e) The statement or the results of Brewer et al (1970, 1971) is incomplete. : 
It should be added that the difference in oxygen tens ion between smokers and non- - 
smokers is small, amouting to 5 mm for p02* More important is tire fact that the 
oxygen saturation for smokers is 74% and is higher than that of the nonsmoking in¬ 
dividual (68%). The shift of the oxygen dissociation curve to the left in the blood of ^ 
smokers accounts for higher oxygen saturation. Therefore, although oxygen tension 
is reduced, the saturation is higher for smokers. A paragraph from Brewer et al 
(1971) is quoted below. . :r v : - . ■' . 
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In the course of our smoking experiments we determined' Oil* CO content of the ^ 
air in our 15 cU m exposure chamber (with approximately om? air change ; hour) 
and we found that the CO rose to approximately 20 ppm following the smoking ? 
of seven cigarettes in an hour. Particulate matter was 3 mg/cirm at the end of the 
hour. We also measured the concentr ations of CO passing across iJic face of an 
observer who sat next to a'subject for the ten: minutes during which a cigarette 
was smoked. The air was sampled thiough a lithe strapped <o the observer’s face, 
and it can be seen from i mum: 9 that transient peaks of up to 90 ppm were 


measured. 
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Kjeldion! £Ti examined Sl’3 industrial workers, about one- 
iialf of whom were tobacco workers. Fifty-nine cases, of arterio¬ 
sclerosis wore documented by such clinical 1 symptoms as angina 
pectoris and intermittent clK’.ulicntion or by a previous history of 
myocardial infarction. While 20i9 percent of ■ ■*.& 334: “control” in¬ 
dividualswere non-smokers, only 2 (3.4 percent) of the 59 patients 
with arteriosekrosis were nor.smokers. A significantly higher per¬ 
centage of diseased workers- were heavy smokers and inhaled the 
smoke. 

The diseased smokers had significantly higher earboxyhemoglobin 
and serum cholesterol level!? than either smoking or nonsmoking 
control patients. This was trim after standardizing for differences 
im levels- off smoking, between controls and diseased patients. As ex¬ 
pected, there was a gradient in carboxyhemoglobin levels from 
lower levels in light smokers to higher levels im heavy smokers 
(tabled). 


O 


Tablk 4.-— Average-values of carboxyhenioglohin and serum choles¬ 
terol in Danish smokers and nonsmokers in control group and 
group of patients with arteriosclerotic cardiovascular disease . 


Smoking 

category 

Ca.rfcoxyh n mo 5 :U<bln 
(aaturntion percent#go) 


Scrum cholbnterol 
(ru«/100 m!) 


cor.tr*'Li 
MiS.D. 

pftti .ntl 

M ArS.O. 

fci:;ni fl¬ 
ounce 

controU: 

MctS.D. 

patients 

K±S.D. 

sitfr.ifi- 

e* n ee 

Smokers 

4.2±3.1 

7.0-±Z.7 

p<0.001 

247±44 

290±33 

p <0.001 


(73S) * 

(57) 

£= 5.52 

(733) 

(57) 

t=4.89 

Nonsmokers 

0.4rr0;0 

0.5±0.7 

n.s. 

235±49 

234±5G 

p<0.02 


(106) 

(2) 

t=0,16 

(196) 

(2) 

£=2.32 

Li{;ht smokers 

2.5±2.5 

3.7 ±2.5 

n.s. 

245±33 

279±67 

n.s. 


(121) 

(3) 

t=0.7C 

(121) 

(3) 

£=1.45 

Moderate 

4.1±3.0 

7.3±3.6 

p<0.0Gl 

246±45 

235±50 

p<0.001 

smokers 

(463) 

(34) 

£-4.95 

(463) 

(34) 

£=4.52 

Heavy smokers 

5.7i3.0 

T.0±4.0 

n.s. 

253^:45 

298±53 

p<0.05 


(154) 

(20) 

£=1.45 

(154) 

(20) 

£=2.18 

p — Probability 

that difference 

i* not due to 

• chance. 





t *=* Student’s t calculation. 
n.s. = not tig'nifrant. 

* ‘five, numtkr of subjects in each eat? 
standard doviution (3-iD.). 

Source: KjekJscn, K. (31). 
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KjeldScn also observed that the COHb levels of 8 to 19 percent 
seen in 40 percent of the patients with arterioscleiosis were of the 
same magnitude as those: provoking experimental atherosclerosis 
and cardiac necrosis in animals. 


(f) The observations of Kjpldsen (1969, 1970) have not been confirmed by 
JT others. It should be stated that Prerovska and Drdkova (1967, 1971) completed a 

retrospective examination of individuals who had been exposed to an environment of J'H,- 
• wy up to 1, 000 ppm for an average duration of 10.5 years. There was no early deyelop-3, 
,di. > Va men t Of arteriosclerosis. . dW; - y-;.--.. v y 




yw*. 






Source: https://www.industrydocuments.ucst.edu/aocs7nTmKUuBir 
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THE EXTENT TO WHICH THE COMPONENTS OF 
CIGARETTE SMOKE’ CONTAMINATE THE ATMOSPHERE 
AMD ARE ABSORBED BY THE XONSMOXEH 

Theoretical. models of this contamination have boon constructed. 
Owens, and Kossano (ii) have noted that most popular, cigarettes 
release into the atmosphere approximately 70 mg. of dry particulate 
matter (about GO mg. in the sklbstiream and slightly over 20 rag. in. 
the mainstream,’about one-half of the latter being absorbed by the 
smoker and one-half oxpelRd into the ambient air) and! 23 nig. car¬ 
bon monoxide per cigarette. This material atfdh to the cleaning 
problem of the air of any enclosed space and contributes to residual 
odors. In a recent study of particulate 'matter filtration in domestic 
premises (35) , the authors observed that the smoking of one cigar 
completely overcame the effect of an electrostatic filtration' device 
for one hour. \ 

Atmospheric pollutants caused by smoking are derived from two 
major sources: mainstream and sidestream smoke. Mainstream 
smoko emerges from' the tobacco product through the mouthpiece 
during pulling, whereas sidestream smoke comes from the burning 
cone and from the mouthpiece during,puff intermissions (GO). The 
tobacco smoke released into the atmosphere consists of all the side- 
stream smoke as well as that part of the mainstream smoke which 
has been either hekl in the smoker’s mouth or taken into his lungs 
and then expelled! The actual amount of material to which'individ¬ 
uals are exposed in the presence of smokers depends upon the 
amount of smoke produced, the depth of inhalation on the part of 
the smoker, the ventilation available for tile removal or dispersion 
of the smoke, and the proximity of live individual to the smoker. The 
length of time of exposure to these pollutants is extremely impor¬ 
tant in determining, how much is absorbed into the body. The pat¬ 
tern of smoking influences the amount produced by altering the 
content of the exhaled smoke. As shown by Dalhamn,'et ah (10, 
11), mouth absorption' removes approximately GO percent of the 
water-soluble volatile components. (e.g., acetaldehyde), 20 percent 
of the nonwater-soluble volatile components (e.g., isoprene), 16 
percent of the particulate matter, and only three percent of the car¬ 
bon monoxide. Thus,, the smoker who does not inhale “filters” a 
portion of the smoke components in his mouth before expelling them 
into the ambient air. On the other hand, the lungs retain from 86 
to 90 percent of the volatile and'particulate substances and approxi¬ 
mately 54 percent of the carbon monoxide iinhaled. Hence, the inhal¬ 
ing smoker “filters” the mainstream rmoke rather effectively before 
expelling it into the ambient air. A factor which has. apparently not 
been investigated: is the difference in the smokers’ “filtration” of 
mainstream smoke when the smoke is exhaled: through the nose 
instead of the mouth. 

Thus, the nonsmoker breathes smoke-containing air composed of 
sidestream smoke and mainstream smoke exhaled by smokers. The 
inhaling smoker receives nearly the full amount of mainstream 
smoke as well as a portion of sidestream smoke and smoke exhaled 
by himself and other smokers. The smoker who does not inhale re¬ 
ceives those conipounds which are absorbed from the mainstream 
smoke in his mouth, as well ns absorbing the sidestream smoke and 
A the smoke exhaled by himself and other smokers contained in the 
|air lie 


>ource 




/www. mdustrydocuments.ucsf.edu/docs/nfmk0000 
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Since pipe and cigar smokers inhale less commonly than do cljjai- 
rette smokers, their contribution to li e substances in the air 
breathed in exposure to smoke pollutants consists of a composite of 
sidestream smoke and relatively untutored mainstream smoke 
which has been held in the mouth and'then expelled! 

The actual eflluents in the mainstream and sidestream cigarette 
smoke have been considered by Pascasio, ct al. (45 ) and Seassellati 
Sforzolini and colleagues (50, 51). These authors stated that “liar" 
and nicotine levels in sidestream smoke may be significantly higher 
than those of mainstream smoke and' may be harmful to the non- 
smoker. Actual volume measurements were not reported, however. 

Actual measurements of the contamination' due to cigarette smok¬ 
ing have been carried out by a number of research groups! A recent, 
well-controlled study by Harke (24) involved' the smoking of 42 
cigarettes in 16 to IS minutes using German blend cigarettes, of 
85 mm. length, 18 mm. filter, and smoked to a 25 mm. butt length 
in a room with a volume of 57 cubic meters (approximately the 
equivalent of a room with a 10-foot ceiling and dimensions of 12 by 
14 feet). The author observed that in the absence of ventilation the 
atmosphere contained' up to 50 p.p.m. carbon monoxide and .57 
mg./m. 3 nicotine. With substantial: ventilation, these levels fell sig¬ 
nificantly (to approximately 10 p.p.m. carbon monoxide and .10 
mg./m. 3 nicotine). Me also found'that cigar smoke (9 cigars of Clear 
Sumatra tobacco smoked in SO to 85 minutes) produced similar 
amounts of contamination! while pipe smoke (2 grams of Navy type 
medium cut tobacco smoked as eight pipefuls in 35 to 40 minutes) 

-• produced much less. Other authors have made similar measure¬ 
ments. Galuskinova (20) found that 3,4-benzpyrene levels in a 
smoky restaurant were from 2.82 to 14.4 mg./IGG m. 3 as compared 
to outside atmospheric levels of 0.23 to 0.46 mg./l'OO m. 3 , although 
burning of food particles may have contributed' to the presence of 
3,4-benzpyrcne in this setting. Kotin and Falk (S3) have shown 
that sidestream cigarette smoke condensate may contain more than 
three times as much benzo(a) pyrene as mainstream smoke. Srch 
(55) observed that the smoking of 10 cigarettes t'o a 5 mm. butt 
length in an enclosed car of 2.09 m. 3 volume produced carbon'monox¬ 
ide levcds up to 90 p.p.rm Lawthcr and'Commins (54) , working with 
a ventilated chamber, found levels of up t'o 20 p.p.m. of carbon mo¬ 
noxide after seven cigarettes were smoked in one hour; however, 
peaks of up to SO p.p.m. were recorded at the seat next to the smoker. 
Coburn, ct id. (0) recorded levels of 20 p.p.m. of carbon nionoxidb 
in a small conference room after 10 cigarettes were “burned.” 
Harmsen and Elfenbergor (25 ) reported up t'o 80 p.p.m. of carbon 
monoxide in an enclosed 9S m. 3 room (approximately the equivalent 
of a room with a 10-foot ceiling and dimensions of IS by 20 feet) in 
which G2 cigarettes had'been smoked in two hours. 

Another set of contaminants probably present in a tobacco smoke- 
polluted atmosphere are the oxides of nitrogen. These, specificially 
NO and NO.., have been shown to be present in tobacco smoko al¬ 
though the type most likely t'o be present in the atmosphere is NO-. 
No measurements have been reported of the amount of NO-- in 
smoke-filled rooms. The importance of obtaining ami evaluating this 
information is stressed by the results of Freeman and Ilaydon and 

-\ W »A' ■ **• 4 '• J . 





Source: https://www.industrydocuments.ucsf.edu/clocs/ntm 
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their colleagues. (17, IS, 1L>,J7,,!S) and oi Blair, et all (5) who ob¬ 
served bronchial and pukaonruy parenchymal lesions in rodents 
continuously exposed to low levels of N0_. 

Other experimenters, have measured carboxyhemoglobin (COHb) 
levels in nonsmokers exposed to cigarette smoke pollutants. S'rch 
(55) observed that the CO l ib level in two nensmokers rose from 2 
to 5 percent (that of smelters from 0 to 10 percent) when seated in 
the cigarette-smoke contaminated! car mentioned above (exposure 
to 90 p.pim.). Ha rite (;}.)) reported that when seven nonsmokers 
were exposed for approximately 90 minutes to a "smoked” room 
containing; 30 p.p.m. of CO there was a rise in COHb from a mean 
of 0.9 percent to 2.0 percent. In 11 smokers subjected to the same 
conditions, COHb rose from a mean of 3.3 percent to 7.5 percent. 
With improved ventilation of the experimental room, the COHb 
level decreased significantly. 

The CO exposures and COHb levels reported above closely approx¬ 
imate the results obtained following experimental chamber expo¬ 
sure of humans to various levels of CO. The uptake of CO by the 
.person depends on, among other parameters: CO concentration, 
previous COHb level, the level of activity, and the person’s state of 
health. Equilibrium: between CO concentration in the lung and in 
the blood requires over 12 hours exposure. However, as may be 
noted in table 1, reproduced from Stewart, et al. (,56) and'derived 
from measures of COHb in young sedentary males who were not 
smoking, over half of the equilibrium' COHb level is reached within 
three to four hours of the onset of exposure. The equilibrium value 
associated with 109 pip.m. is approximately 14 to 15 percent COHb. 
Exposure to 100 p.p.m. in the nonsrnoker can lead to 3.0 percent of 
COHb within 60 minutes and 6.0 percent in two hours (16) . Of equal 
significance is that COHb has a half-life of at least three to four 
hours’in the body. As shown in table 1, the COHb'level fell only to 
2.7 percent in the two hours following cessation'of exposure to 50 
p.p.m. from the end exposure level of 3.7 percent. This lengthy half- 
life extends the period of effect of exposure to CO and provides for 
a buildup of COHb concentration from fresh exposures. 

TABLE 1.— Percent of COHb during and folioicing exposure to 50 

p.p.m. of CO. 


Time durine 
exposure 

Mean 

Kunjce 

'Number of 
•ubjecti 

Preexposure 

0.7 

0.4—1.6 

11 

30 minute 3 

1.3 

1.3 

3 

1 hour 

2.1 

l.9-2.7 

11 

3 hours ' 

3.8 

3.0-4.2 

10 

C hours 

6.1 

4.9-5.5 

5 

8 hours 

5.9 " 

5.4-6.2 

5 

12 hours 

7.0 

C.5-7.9 

3 

15 hours 

7.6 

7.2-2.2 

3 

22 hours 

8.6 

8.1-8.7 

3 

24 hours 

7.9 

7.G-8.2 

3 


Time without exposure after 
1 hour of exposure 
30 minutes 
1 hour 


2 hours 


6 hours 


i.67.1.8 

1/ 








>ou rce: https://www.i ndustrydocu merits.ucsf.edu/docs/ntmK 
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v> :> Time without exposure after 

Tf* ‘ ; ^ 7 . v *‘. v< 5: 3 hou rs of exposure : 

L V. . ’“C'-ii:- *30 minutes '... 

• .-.v' £• •' ■ ’* r - ‘ r' 4 ;/V ; . ‘' ■ ->.-•>hour .•'■'■ 

:• •> ” • * <-r" ~Z 2 hours 




Time without exposure after 
:: 8 hours of exposure 
; j - 30 minutes 


3.4-S.9 
2.7-3,8 
2.3-3.0 


5.1-5.9 





v -,. y ^ i 'l Hour fV - .• • • 

5.1 

9 4.8-5.4 

3 

.. y v . * • ,. 

.■ >: - 1 % hours r ..r. . ■ 

4.0 

— 

— 


j - • 11 hours 

1.5 

1.4-17 

3 

v - 

.. Time without exposure after 




--'C* - • - : 7 . 

: : 24 hours of exposure 

' • Vy v ;.“ : '■■■^vyV.yk 




30 minutes 4 '-\l:h m ^ 


7 2-7.8 

3 


hour .< .’■/-y' 

6.7 

S > i: 6.4-7.1 

3 

• i J| V*^.t - * .. 

^Hy^vjX^ 4 ^ 2 hours ; . 4 


, C.6-6.2 

3 • 

• • ..Mr^t - 4 5 ..</.*• '."*;■ - • • 

1 . rn-;.y > ' 





)•■'•:, s* :• 

Wife '■ 






’ (g)- This section includes an incomplete citation of work by the various iri-^ feufey,'- 4 .. 
•ffU•.Y e stigators. For ins tance, Harke’s conclusion that "it is unlikely to find non-':^ 1 ®^ 

■ w smokers in a room absorbing a significant amount of cigarette smoke" is not men-* 

• ; .V.u; tioned at all. The blood levels that show low absoprtion are mentioned two para- • 

\‘,graphs later. The passive smoker had a blood level of 2% car boxyhemoglobin, an ''-y fey); 
■fey, increase of 1 . 1% over the control level (see page 25). ' , ; . wfe-fe :; 


(h) Srch (1967) not only smoked "in an enclosed car" but also had the motor 
krunning in a closed garage. The high levels of carbon monoxide arise largely from 
„ automobile exhaust and this is not stated in the quotation (see page 36). ... . wfefelfefe 


:v,r..-w ; 'v,. • (i) Lowther and Cummins (1970) worked with a ventilated chamber. Exami- '\i:Vw 

.. 'y nation of the original article reveals that the chamber is 15 cu m, with approxi- ' 

4fe>' mately 1 air change per hour. The high values for carbon monoxide in the air are wfe • 
-’..y understandable (see paragraph from article). ’ ' -;.fe. y_, fe\fewfe. 


' 4 * 1 




-Bata from 2 reoresentative oxygen tensions are shown in ^ 

Ftoire 5 and Table k. Although there is overlap, the scan saturation'' 
"values of the normal smokers and the polycythemic smokers are > 

significantly higher than that of non-smoking normals at one of V 

the two oxygen tensions ('Table 5)* This means t:.at, on the . - f 

average, the oxygen dissociation curve of smokers.in Leadville is J / 

left—shifted comipared to non-smoaers• *here was no significant —/ 

difference between the position of the curve in normal smokers 
and polycythemic smokers at either oxygen tension. 
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THE' EFFECTS OF LOW LEVELS OF 
CARBON MONOXIDE ON HUMAN HEALTH 

The data on the effect oil low levels of carbon monoxide on human 
psychological ana physiological.function have been summarized in 
two recent publications 

There is presently much discussion as to the physiologic and 
psycho physic logic effects of exposure to levels of CO approximating 
50 to lOOip.p.ni. Board-and! Grandstaft* (A)- observed that exposure 
to 50 p.p.m. of CO for from 27 to SO minutes al tered a udi tory dis¬ 
crimination, visual nearly, ana me ubiiuy to uisliugmsh reiuLiv e 
brightness. McFarland (jA) observed that COIIb levels of 4 to 5 
percent caused visual threshold impairment/Ray and Rockwell 
reporting on a study of the driving ability of three subjects 
under varying CO exposure, observed that the presence of 10 per¬ 
cent COIIb was associated with increased response time for tail- 
light discrimination and increased variance in distance estimation. 
Schulte- (sT)> observed; that increased errors in cognitive and choice 
discrimination tests were manifest at levels of COIIb as low as 3 
percent. Chevalier, et al. v£j’ have also observed that levels of 4 1 
percent COIIb in mmsmokers: are. associated! with an increase in 
oxygen debt formation with exercise similar to chat seen in smokers. 
A On the other hand, other investigators utilizing complex 
• psychoinotor tasks in men and monkeys have observed no d ecrement 
injunction upon exposures to CO at 50 to 250 p.p;rm 


(j) The investigations that concentration of 50 to 250 ppm carbon monoxide 
does not influence Die central nervous system are not described: in detail. There 
are many other reports which are also negative (see Pages 88-90). 


Animals exposed to low levels of CO ( 50 to lOO p.p.rn.) continu¬ 
ously for weeks have shown varying degrees of card iac a nd cerebral 
damage similar to that produced by hypoxia < Ti. .47. .s£ L 

Finally, the possible effects of exposure to 50-100’ p.pjni CO on 
h patients with coronary heart disease (CHD) .were investigated by 
Ayres, et al. who observed: a decrease in arterial and mixed 
venous oxygen tensions with COIIb saturations of 5 percent. Certain 
patients with CHD developed altered lactate and pyruvate metabo- 
-"lism with COIIb levels of 5 to 10 percent suggesting myocardial 
hypoxia. .. 


(k) The cited work of Ayres et al (1970) was performed in a non-steady state 
with inhalation of 5% carbon monoxide. The validity of these observations is discus¬ 
sed elsewhere in this commentary (see page 148). .. -; c . 
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^ The evidence concerning the effect of low levels of carbon monox¬ 
ide has recently been reviewed and 'evaluated by the National Air 
Quality Criteria Committee of the National Air Pollution' Control 
Administration The following is taken from the* published 

conclusions of the Advisory GornmiStee (also set- table 2).: 

4 ' + 

‘Experimental exposure of nonsmokers to 58 mg/m s (50 


ppm) far CO minutes has 




***** 


airment in 




time-interval discrimination_This exposure will produce 

an increase of about 2 percent COIlb in the blood. This same 
increase in blood COHb will 1 occur with continuous exposure 
to 12 to 17 mg/rn 3 (TO to 15 ppm) for S or more hours.... 
“Experimental exposure to CO concentrations sufficient to 
" produce blood COHb levels of about 5 percent (a level pro¬ 
ducible by exposure to about 35 mg/m 3 for 8 or more hours) 
has provided in some instances evidence of.impaired perform¬ 
ance on certain other psychemotor tests, and an impairment in 
visual discrimination.... : , • 

“ExpcndmentnlNxxposure to CO concentrations sufllcient to 
produce blood COHb levels above 5 percent (a level producible 

by exposure to 35 mg/nr 1 cr more for S or more hours) has 
provided evidence of physiologic stress in patients with heart 
disease....” 

The levels of carbon monoxide found to be present in “smoked” 
rooms (20 to SO p.p.m.) are similar to the levels (30 to 50 p.p.m.) 
which the Advisory Committee has concluded are associated with 
adverse health effects: 

“An exposure of 8 or more hours to a carbon monoxide con¬ 
centration of 12 to 17 mg/m 3 (10 to 15 ppm) will produce a 
blood caraoxyhcmoglobiii' level' of 2.0 to 2.5 percent in 1 non- 
smokers. This level! of blood' carboxyhemogiobin has been asso¬ 
ciated with adverse health effects as manifested by impaired 
time internal discrimination. Evidence also indicates that an 
exposure of 8 or more hours to a CO concentration of 35 mg/m 3 
(30 ppm) will produce blood carboxyhemoglobin levels of 
about 5 percent in nonsmokers. Adverse health effects as man¬ 
ifested by impaired performance on certain other usychomotor 
tests have been associated will* mis blood ..rboxyhemuglo- 
bin level, and above tins level there is evidence of physiologic 
stress in patients with heart disease.” 

These levels of CO are also similar to that set as the time- 
weighted occupational Threshold Limit Value of 50 p.p.m. for a 
40-hour week (five 8-hour days) which* has been in effect in the 
United States for the past several yean? (l J)\ A further reduction 
in this limit to 25 p.p.m. is now under 'consideration;. These levels of 
CO exceed those recently set by the Environmental Protection 
Agency as the national primary and secondary ambient air quality 
standards for CO (^2). These standards are: ■■■.'/■' •• .. •. ; 

(a) 10 milligrams per cubic meter (9 p.p.m.)—maximum 8- 
~ hours concentration not to ba exceeded more than once 
- per year. ; ..., .,'n- 

(h) 40 milligrams'per cubic meter (35 p.p.m.)—maximum 
[.hour concentration not to be exceeded morc'tIianl)nce < 
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Tablk 2. — Effect's of carbon monoxide. 


Environ tncnl^l 
condl'.fon* 

58 mju./tti^iilO'p.Wirai) 
for 90 minutes- 


Imi*ain>vn£ c f tr?nn- 
intorvai discrimination 
in non-smokers. 


115 n^./m 3 (100 
• p.p.rn.) intermit¬ 
tently tjhrou'sb a 
facial ivask * 


High concentrations 
of COv/cre v/imin- 
istered for CO to 120 
seconds, and then 10 
minutes was allowed 
for washout of 
alveolar CO before 
.blood COHb was 
measured. 


Impairment in perform¬ 
ance of some psycho- 
motor tests at a COHb 
level of o percent. 


Exposuie sufficient to pro¬ 
duce blood COHb levels 
above 5 percent has been 
shown to place a physio¬ 
logic stress on patients 
with heart diseacc. 


. . . — . Ccmmcat 

BIcoliGOIIMawlr. not 
«v a i 1 able, bu t a n tlt i- 
pated to he about 2.5 
percent. 

Similar blood COIib levels 
expected from exposure; 
to 10 to 17 iVi-./m.? (10 
to .15 p.p.im) for 3 or 

' more hours. 

Similar results may have 
been observed at loxver 
COHb levels, but blood 
measurements were not 
accurate. 

Data rely on COHb levels 
produced rapidly after 
short exposure to high 
levels of CO; this is not 
necessarily comparable 
to exposure over a longer 
time period or under 
equilibrium conditions* 


f*Vf'.A : r ,yr V' • 


SOURCE: Adapts fr^m UiS. Public Health Service. Air Quft'ity Criteric for Csrben Monoxide. 
Wishihffton, D.C., U.S* Dvpartmi*at of Health. IMIucr.tion, and'Welfare (&3). 


(3: The remainder of this section quotes the decision by the National Air 
Pollution Control Administration, which was drafted mainly for industrial expo¬ 
sures lasting 8 hours. The criteria used by this agency do not apply to brief ex¬ 
posures to cigarette smoke. 


- > * . 


ALLERGIC AND IRRITATIVE REACTIONS TO 


CIGARETTE SMOKE 


LONG NONSMOKERS 


Sfc.SiS' 



(A more detailed discussion of this subject is presented in the 
Allergy chapter of this report.) 

Several investigators have reported on the discomfort and symp¬ 
toms experienced by both allergic and nonallevgic individuals upon 
exposure to tobacco smoke. Johansson and Rongo (ST, 32) in 1965 
and 1SG6 have observed that the acute irritation experienced- by 
nonsmokers in the presence of tobacco smoke is maximal in warm, 
dry ail-and that nonsmokers experience more nasal irritation than 
oculhr irritation as compared with smokers exposed to similar 
amounts of smoke in the atmosphere. Speer ( 5 \) studied tha reac¬ 
tions of 1-11 nonsmokers divided into two groups, one composed of 
individuals with a history of allergic reactions and the other of in¬ 
dividuals: without such a history. The allergic group underwent skin 
testing for the presence of sensitivity to tobacco extract while the 
“noiiallergic” group was determined solely by questionnaire con 
deeming subjective allergic responses. Approximately 70 percent of 
both groups experienced eye irritation w|jilo otherjiymptoms dif 


fered in their frequency'from group' tb g'roup ,I (nasal 
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ic G7 "runuJkrgit.” 20. percent; her.dr.thc: allergic 4G 


percent, “nonr.lL 


>ut; : cough: allergic 40 percent, “non- 


alltrgie” 25'percent;, and wheezing: allergic 22'percent, “noaaller- 
gic” 4 percent)'. Tlvmv a si.gnific.ant proportion of nonsmoking in- 
dividna!;-: report discomfort and respiratory symptoms on exposure: 
to tobacco .smoke. 

Other antin'! -; have attempted to separate out those patients who 
may have specific allergies to smoke. Zu-.-ur.mv ( 61) found that in a 
random series of 200 atopic patients 16 percent were clinically sen¬ 
sitive to tobacco smoke, and that a majority of these were aided: by 
desensitization therapy. In an earlier study, Pipes (46) observed 
that 13 percent of 229 patients with respiratory allergy showed posi¬ 
tive skim tests to tobacco smoke. Save! (40) has recently reported on. 
eight nonsmokevs observed to be clinically hypersensitive to tobacco 1 • 
smoke. After r.i vitro incubation of their lymphocytes with cigarette 
smoke, increased incorporation of triiiated thymidine was recorded; 
similar exposure of the lymphocytes of those not sensitive resulted 
in depression of Initiated thymidine uptake. ■■ • r 

Luqiiette, et ah (00) have recently reported on the immediate ef- 
fects of exposure to cigarette smoke in school-age children. They 
observed that heart rate and blood pressure rose with such ex¬ 
posure, although questions remain' about the adequacy of their con¬ 
trols and the manner in which the experimental situation may have 
excited the subjects. Finally, Camerorq et ah (6) observed: that 
acute respiratory illnesses were mere frequent among children from 
homes in which the parents smoked than among children of non¬ 
smoking parent;:. Tire meaning of these results is uncertain' since 
smoking by the children was not considered and the level of ex¬ 
posure to cigarette smoke in their homes was not measured. Shy, et 
ah (53) in a study of second grade Chattanooga school children 
failed to demonstrate a relationship between parental smoking 
habi ts and the respiratory illness rates of their children. 


■.V>- - •: 


(m)' This section on allergic reactions refers to components of cigarette 
smoke other than carbon monoxide. There is no case of reported allergy to car¬ 
bon monoxide. 


THE KNOWN HARMFUL EFFECTS OF THE PASSIVE 
' v ' INHALATION OF CIGARETTE SMOKE IN ANIMALS 

A number of investigators have studied the effects of the passive 
inhalation of high concentrations oT cigarette smoke on the pulmo¬ 
nary parenchyma and! tracheobronchial tree of animals. The results 
of these investigations are listed in detail in the recent report to 
Congress, “The Health Consequences of Smoking,” (59) in table 9 
of the Bronchopulmonary chapter, and table 16 of the Cancer 
chapter. .... 
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The pathologic changes observedJ in the respirator;. 1, tract of the 
animals included parenchymal disruption, bronchitis, tracheobron* 
chin] cpithdhii dysp!r;siai arid metaplasia, and pulmonary adenoma¬ 
tous tumor formatioui Leuchtenberggr, et ah (55) exposed 151 
mice to the riviohe of from 25 to 1,5 2 i> cigarettes- over a period of 1 
to 23 months and observed that 20 percent of the animals developed 
severe bronchitis with atypisn. Working with 30 control' rabbits 
exposed to up to 20 cigarettes per dtiy for two to five years, Holland, 
et al. (3G) observed increased'focal and generalized hyperplasia of 
the bronchial epithelium- and generalized emphysema in the ex¬ 
posed rabbits. Hernandez, et ul. (25) observed significantly more 
pulmonary parenchymal disruption! in adult greyhound dogs ex¬ 
posed io cigarette smoke 10 times per week for approximately one 
year than in nonexposed control animals. 

Lorenz, et a). (55) observed no increase in respiratory tract tu¬ 
mor formation above that seen in controls in 97 Strain A mire ex¬ 
posed, to cigarette smoke for up to C23 hours. Essenberg (15), how¬ 
ever, exposed Strain A mice to cigarette sine be for 12 hours a day 
for up to one year and observed significantly more papillary adeno¬ 
carcinomas in the exposed than in the control group. An increased 
percentage of hybrid mice were found by Miihlbock (42) to have 
alveolar carcinomas among the experimental group exposed to 
smoke for two hours a day for up to 6S-1 dayswhen compared with 
a nor,exposed group. Similarly, Guerin (22) observed that 5.1 per¬ 
cent of rats exposed to cigarette smoke for 45 minutes a day for 
two to six months showed 1 pulmonary tumors compared to 2.4 per¬ 
cent of the control, mice. 

Leuchtenberger, et al. (37) , working with 409 female CF, mice, 
observed only a slight increase in tile presence of pulmonary adeno¬ 
matous tumors among those exposed to cigarette smoke compared 
with those in the control group, Tiie authors commented that the 
presence of tumors showed an age relationship independent of 
smoking exposure. Otto (45) found that 11 percent of a group of 
albino mice exposed to 12 cigarettes a day for up to 24 months 
showed pulmonary adenomas as compared with five percent of the 
control non-exposed group. Dor.tc-nwill and Wiebecke (12) found 
that increasing the exposure of golden hamsters to lip to four ciga¬ 
rettes a day for up to two years was associated with an increasing 
percentage of animals showing desquamative metaplasia and bron¬ 
chial papillary metaplasia. Harris and Negroni (55) exposed 2C0 
C57BL mice to cigarette smoke for 20 minutes a day every other 
day for life and found eight adenocarcinomas as compared to none 
in the control group. 

Because the damage observed in these experiments was seen after 
prolonged exposure to high' concentrations of cigarette smoke, and 
because the comparability of animal exposure to smoke with that of 
human exposure in smoke-filled rooms is unknown, it is presently 
impossible to be certain from animal experimentation about the ex¬ 
tent of the damage that may occur during long-term intermittent 
exposure to.lower concentrations. 


exposure lo jewor concentrations. • •, ■' > i? •.•■y 
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SUMMARY 

1. An Atmosphere cmrtrnnmaied with tobacco smoke can con¬ 
tribute to the discomfort of many- individuals. - 

2. The level of carbon menoKiJe Attained in experiments using 

rooms filled with iubaeeo smoice-iuis-.fc*.-c*n' shown to equal, and-at 
times to exceed! the legal limits for maximum air pollution per¬ 
mitted for ambient air Quality in several localities and can, also ex¬ 
ceed the occupational Threshold Limit Value for a normal work 
period presently in effect for the. United States as a whole. The pres¬ 
ence of such levels indicates that the effect of exposure to carbon 
monoxide may on occasion, depending upon the- length of exposure, 
be ■sufficient to be harmful: to the health of an exposed person. This 
would be particularly significant for people who are already suffer¬ 
ing from chronic bronchopulmonary disease and coronary heart 
disease. - , / • . 

3. Other components of tobacco smoke, such as particulate mat¬ 
ter and the oxides of nitrogen, have been shown in various concen¬ 
trations to adversely affect animal pulmonary and cardiac structure 
and function. The extent of the contributions of these substances to. 
illness nr humans exposed to the concentrations present in an atmo¬ 
sphere contaminated with tobacco smoke is not presently known. 




(n) The experiments on animals were not controlled: and there is no reported 
concentration of carbon monoxide. It is not possible to relate tire observations on 
animals to humans unless the concentration of cigarette smoke is known. 






(7) ABELSON P JET 
1967 . 


A damaging source of air pollution. Science 158: 1527, 


One of (he Icxic products of the automobile is carbon monoxide. 
Exposure for 1 hour to a conecntrauort! of this of 120 parts per 
million causes inactivation ofi about 5 percent cf the body’s hemo¬ 
globin and commonly leads to dizziness, headache, and lassitude.. Con* 
- conlNations of carbon monoxide as high as 100 ppm often occur in 
garages, in tunnels, and behind automobiles. Such concentrations arc 
tiny in comparison with those (42,000 ppm) found in cigarette smoke. 
The smoker survives because most of the lime he breathes air not so 
heavily polluted. However, in a poorly ventilated, smoke-fried room* 
concentrations of carbon monoxide can' easily reach several hundred 
parts per million, thus exposing smokers and nonsmokers present to 
a toxic hazard. N -—' - ; 



In this article, the comparison of concentration of carbon monoxide is as . 
follows: 100 ppm for garages and tunnel's and 42, 000 ppm in cigarette smoke. ’ 
The latter represents 4.2 carbon monoxide in pure cigarette smoke, This con¬ 
centration is not inhaled continuously, but is diluted by air in the lungs at the 
time of inhalation of cigarette smoke. After exhalation, atmospheric air enters 


to replace the cigarette smoke. Ringold eta-1. (1 96 Z) analyzed the expired air to 
determine the integrated concentration of carbon monoxide therein: that of heavy 
smokers had a concentration of 16.4 ppm, light smokers 7. 7 ppm, and non- 
smokers 0.08 ppm (see page 19 )* 
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(8} ANON : Carbon monoxide. Am Induslir Hy.g Ass J 26: 431-4, 1965. 


. 9 lie blow! of rigrirrtlc minims will 

contain mom 2'J to 10r; cmbnxyhcnio- 

gltibm aiivl nomWj'ioseiT aih;li • will show 
a normal average background of 1% 
carboN-yliemoglobiii. 1 


The blood volumes for smokers arc overestimated and those for nonsmokers 


underestimated. The overall mean value reported in 30 investigations is 3.76% for 
smokers (see page 12). The overall mean value recorded in 26 investigations is 7 


1.45% for nonemoker: 
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(9) AN ON : Carbon mono:-:ide poisoning - a timely warning. New; England J Med 
278: 819-50, 1968. “ ““ " 


The ch;;ir:cUe is another producer of carbon mon¬ 
oxide. Heavy- ci j'arcile .smokers may i.:ive as much 
as 10 per cent carbon monoxide hemevdohin in their 
blood. Such levels may not be sufficient to cause 
impairment at sea level but vi!] be enough to pro¬ 
duce changes at altiiludb.s of 8000 to 10,000 feet, A 
recent article lias demoivstiated behavioral impair¬ 
ment associated with small doses of carbon mono.v 
. idc 3 — levels of exposure in the raru;e accepted as 
tolerable in industry. The results indicate that im¬ 
pairment of cerebral function can occur at extreme¬ 
ly low levels (30: io 2fnJ ppm) chili exposures of 
half an hour to two and a half hours. Further sup¬ 
port for centrabnervous-S) stem cherts comes from 
the obscuration th.at low level:;; of carbon monoxide 
hemoglobin can significantly raise the threshold of 
light sensitivity of the eye. 4 


That heavy cigarette smoking may cause as much as 10% carboxyhemogl'obin 
in the blood is rare. Barach et al (1941) measured the peak levels in the blood of 
18 subjects who smoked 20i cigarettes daily and noted a mean level of 5. 7%, with a 
range of 2. 2% to 12* 3%. Fabre et a l (195 1), in a group of 5 subjects smoking 24 
cigarettes, reported a mean level of 4. 85%, which represented an increase of 2.7% 
over the level prior to smoking (see page 21). 
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(10) ANON : Warning: Cigarettes are dangerous to your health. American Cancer 
Society. Med i Bull Montgom e ry Co unty Med Soc 24; 45-7, 1968. 


Sonic of ttiosc carcinogens may be as 
simple cubon nn'uoxide —CO — one of 
the standard by-products of aulomo' to 
cr.hcur.t. /Cc.cdors and edorlcs*;, ibis 
compound of carbon and! cxy.vir is fetal 
when As IiLlio as one-tenth cf one per¬ 
cent /is breathed in continuously; in 
minute quantities and repeated doses, 
it can also bo a slow cause of death 
as ^ producer of cancer. 


Carbon monoxide is not a carcinogen. Carbon monoxide has been tested in 
mice with, tumors induced by chemicals. Carbon monoxide did not influence the 
rate of tumor growth. ■ 
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